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ABSTRACT 

An information*processing task analysis of vhat 
Icindergarten children might do if they are successful in rapreseitlng 
and solving certain types of simple arithmetic story problems served 
to identify five key components. Da±a obtained from the interview 
testing of 66 kindergarten children served to suggest a major 
difference between successful and partially successful students in 
the knowledge or understanding that they employ. Successful stuiants 
understand a set* joining or subset -rem oval operation both: (1) a 
procedure to be carried out: and (2) as establishing specific 
relationships among the quantities involved vhile partially 
successful students have only the first type of understaoiding. 
(Author) 
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TSFOBJ^IQ^ BSaCESSENG SftBABinir^S mm g£lSW nERGARigr CHILDREN 

WHEfe soLUNG sXHTig AazasTic sidk: problems 

v ' H*- Llsdrall Joseph L« Tftwinirlno 
DnlversJU^^ cif Blttsbuii^ 

There \\ iimii fili i iilili uppuTL for* the asBUKition than persons vho 
iasK successioC aoXvisi^ ^icoidaBB that: oiltlmatelJf reqastre a 

iBarheiaatleal £ pipn^Fr^ soae ^TI^k of ^■-gr-^t>a t--rvo -r»^ ■ ■ 

or- model of I9t^ iMiiWtei: » m ^i i t^ i i i f P^lwrr step bPCMeai tTrfrial 
comprehension of iiggr^iiafc lii and die carrytx^^^oct: of the imvh iiiiir fcal 
operations ^^ded saasb^e ftt the answer (HiHIer & Gii.hwu 1979; 

Larkln, 1977; Ne«^L£ aHL» IflBZ; SinBmt & Sten» 19783u. It has 
also been shown T^f^irw ill & Ibaxz&« when:xi^nB7 ^rade 

children sxm^ asked :ts: imlIijl siai;^ arithmetic i±cu>iy -pmusK, rhe 
successful nroblem liuflHT t are es^able o£ dewriffpstng a ph^EosLjxDodel 
as an aid to^olurlnn* ZShcis wmald aiMtt to snj^^^ that aci y if i xhls 
aablllty to develop dxyiuajirl a^ KxfieSIs for mktxt j proha^msssmay ^ an 
important strep in rhUdsn^s acqaisitioct of itTh matlcal competsncy. 
Of course^ many \ Finli iijibi l aai «ta£idreir digpT^g 'this desired modelling 
ability vitusa they ace faaHi alxta sla^e tpxazxt^cadve ^acoblems • They 
use their fingera^ or aniiar CMBttable e\^\ \ n \ mm ^ to repcesent the «ets 
of objects involved and^cacry oat aiivSe operat±ons» such as jostoing 
sets or removing a subset^ tO' dcdtia answezs • They display a t3pe of 
understanding ^ich can proalila scu i aai iirl iT basis for the contfnning 
study of arithmetic and iiTirilii iimJil be an important goal of early 
instruction in ichis subject. As saaais of :2he study reported in rhis 
paper is on the i (iimimaai a w£ this type of understanding* 
Specifically^ it is concerned «fta& the types of knowledge that 
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^tiidents must bave and must apply If they are to be able to solve 
^various forms of story problems through a procedure of building a 
^yslcal model of the story and using this model to arrive ^t the 
solution • 

Rationale 

A nuaiber of persons have analyzed the process that successful 
problem solvers employ in solving arithmetic word problems by 
outlining infomocaon processing models (Heller & G^ireeno, 1979; 
Jtiley, 1981) • Bellez- (1980) has shovn that the procedures used by 
primary grade children in solving simple ** change** and combine** type 
stories might be modelled by a computer program and has used this 
analysis to explain vhy certain types of stories are more difficult. 
Seasons for differences in problem difficulty have also been 
investigated by other researchers (Carpenter & Hoser, 1979; flasher, 
1979). 

In an Investigation having a focus somevhat similar to the 
present study, Riley (1981) (See also Riley, Greeno, & fieller, in 
preparation) presented empirical data to support the hypothesis that 
primary grade children function at one of three levels %d.th respect to 
their capability for processing the information presented in simple 
one-step story problems. The first level includes those children who 
can build sets of blocks to provide a representation of the sets 
described in a story and can operate on these externally available 
sets. Hovever, children at this level cannot solve stories that 
require that they hold and manipulate information internally. They 
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appear to lack cexxain essential knowledge concerning tte 
relationships that must exist among the sets involved in a set xmiao. 
or a subset removal opestlon. Uader thet Uiley (1981) hypothste^ 
children at the secona^ level have a Ifgrfred capadity ior intend 
representation and procMlng and, hence, xan solve snewhat ma» 
complex stOEdes than Jbevel oec; children;^ The third Iwel include 
those children Who h^^ relatively compfpte knowledges concemixE 
essential relationships and can carry ont internal processing th^ 
enables them to solve one-step story problems no matter at which point 
in the story sequence the uniaiown term is presented. Riley (1981) has 
developed a "model" ^fcLch, for each of these levels, explains how 
attempted problem solution is carried out. Each model, in turn, is 
associated ym±t\\ the types of problems that it can solve successfully. 

An earlier study by one of the writers (Lindvall & Ibarra, 1980) 
used a clinical interview procedure to describe what kindergarten 
children did lAen they processed the information provided in simple 
story problems and used counting cubes to develop physical 
representations of the stories and to arrive at solutions. That study 
represented an initial step in identifying the types of essential 
information that the soccessfxa problem solver had to abstract from 
the story in order zo model it and solve it. The present study 
represents an effort .tocaco n d uc t a more formal and complate analysis of 
what children do In jcomprehendlng a story and in using a pbycfcal 
model to arrive at a solution. It also offers an explanation of why 
children have difficulty with certain types of stories. The Taper 
first presents a flow chart that represents a type of ixiformacfon 
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pro r I M i ii ^ ^:smmBi ^axaisSfc Om i nick & Ford ,.^3976) of facm^c^ildren may 

enablep xbiBv. odc nkmB^i^ arsodcl of the storj^and :to Jttauiipia iife this 
model i3ftL HQi]£a±zi::BMftaotM^ Ibis flow chart sesves as an afi ^ tiie 
fiflpi i r mil H i Fun ii tfT rfc i ■tigttfc decisions ^wi asccions that 3ik imd««4 
t hiwipff liirif l y ni i M rth^s^jefcggB * The chart aJao helps fHpiinlfy tihe^ 
t^es «ii knamiMi^ ttm^t student must:: have In OTder ^ 0ol^ez 

Method 

SxibjecCig 

To analyzer dBle pe^Bnance^ of pupils on the types of t aah i ^ that 
vere t h e-fe cas of rMs ^^#tndy a total of 66 kindergarten iirmli if i vere 
given IwiiiTii fil—l Intexniiew tests* This sample represested all 
klnde^Koen fi^E&SL i& three classes In two dlfferent^ochools, a 
urlveaaqf-a g| jjfmrpd ^ ^mfamf e s^ocl In a largeoirban settia^ and a 
subui^Hr r3cfaoaL aesrvfng ft nrlddle-class nelghbortsood* 

Typesjat.SSgy-groblgps Used 

:S^icrr£oa2K^ of :osie-8tep addition and subtraction story ::^roblems 
vere tae focass of this study* Using the ca tegorl zartoc- scheme 
outlined -fa^HeHELer (SBO), these can be described as tw forms^^ the 
** combiner c^e|ie cf Aory and six forms of the ** change** t^^ie- The 
storles^msed are shcam In Table 1, where an open sentseace Is 
assoclataed «?Ttr each type In order to show the point In tie story 
sequence «bexe tike unknown valtie Is Introduced* 
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In testing staadents on t j fcJ i L problems , tiaa^ tester, using an 
individual ^t3»tfBr testing^^EDMiDre, read the story line-by—lizs;, 
pausing aSUtt- wm irmiie to peLBtlll Mhi student to respond. The student 
vas told " ^Hhh' th ese blo^^^ch^'iADw what rhrtft story says as I read 
each lincttr: . rm^ -xne student-anas ejected to respond by doing such 
things .jadhQt ^ii±Qg sets of tte:^:zappropriate size, joining sets, 
removing^inteB(4.3,.w taking other Tl inns appropriate for representing 
vhat th e<BUiLj liM j ii i fb ed and for oMsining an answer to the problem. 

The Inf cgMiElaK^BJoces sing ft iiiiljiiPi 

AssBBedjofiove, a first sBfeg^in the present study involved an 
effort I a detailed an^ftrsis of what kindergarten children do 

when tbexFazs: saccessf ul in carcying out problem solving tasks of the 
specific ^type used in this study. This analysis involved an 
Information processing task analysis of the type described by Resnick 
and Ford (1976) and vas based on the writers* earlier experiences in 
observing kindergarten children carrying out the type of problem 
solving activities that were of concern (Lindvall & Ibarra, 1980). 
The Information processing analysis took the form of a flow chart 
vfaicb shovs the questions a child might raise in processing the 
information given in each line of the story and the action that would 
need to be taken on the basis of how each question is answered « The 
flow chart, shown in Figure 1, represents our hypotheses (derived frcwi 



Table 1 

Story Problems Used in the Study, Categorized by Storj-Tj^ 



1. Combine: a + b = |~i 
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Joe has 3 marbles. 
Tom has 5 marbles. 
How many m^^rbles do th^ &ave 
altogether? 



Mark has 6 app3es^ 
Bob has 3 apples. 

How many applies dottaey have altoge^KT? 



2. Combine: a □ = c 



Carol has 4 flowers. 

Sue has some flowers. 

Together Carol and Sue have 9 flowers. 

How many flowers does Sue have? * 

3. Change: 

John had 3 pencils. 
He found 4 rore pencils. . 
How many pencils did John have then? 



Jenriy has 3 books^ 

Amy has some booted 

Together Jenny sxl*itay bave 7 books. 

How many books does^Any have? 



4. Change: 



Jill had 6 pennies. 

S*^<* found some more pennies. 

V:;en Jill had 8 pennies. 

How many pennies did Jill find? 



5. Change: 

Jack had some baseballs. 
He found 2 mre baseballs. 
Then he had 5 baseballs. 
How many baseballs did Jack have 
to begin with? 



a+b = n 

Rich had 2 cookss. 

He found 3 more^oiri^s. 

How many cookiesiirdid Rich have then? 

a +□= c 

Elaine bad 4 pieces of candy. 
She found some «re pieces of earner. 
Then Elaine had 7 piEces of candy. 
How many pieces of candy did Eljine 
find? 

□ + b = c 

Jim had some marbles. 
He found 4 more marbles. 
Then he had 6 marbles^ 
How many marbles did Jim have to 
begin with? 



Mary had 9 dolls. 
She lost 3 dolls. 

How many dolls did Mary have then? 



6. Change: c - b = [~| 

Linda had 8 flowers. 
She lost 5 flowers. 
How many flowers did Linda have then? 



7. Change: 

Bill had 6 toys. 

He lost some toys. 

Then he had 2 toys. 

How many toys did Bill lose? 

8. Change: 

Jane had some buttons. 
She lost 2 buttons. 
Then she had 7 buttons. 
How many buttons did Jane have to 
begin with? 



c a . 

Gary had 5 baseball cards. 

He lost some baseball cards. 

Then he had 3 baseball cards. 

How many baseball cards did Gary lose? 

□ - b = a 

Maria had some pencils. 
She lost 5 pencils. 
Then she had 3 pencils. 
How many pencils did Maria have to 
begin with? 
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rather extensive obseraa^as: of a large sample of children) as to how 
successful problem sofiaB^aKocess the Information, hov they decide 
irtiat to do, hov they sBBt^^nish among different types of stories, and 
hov they manipulate tae xmznting cubes to arrive at the correct 
answer. For purpoMB of^ our xesearch, this analysis served to: (1) 
clarify the specific j M. rfnns that a pupil must take to represent and 
solve each story; t2D suggest the type of knowledge that the pupil 
must have in order t9 mxtve each problem type; and (3) indicate why 
certain types of prdileBB are more difficult than others. 



Insert Figure 1 about here 



As the flow charn shows, when the child hears a story sentence, 
he or she must first decide whether this means that a nev set must be 
built or whether some operation must be carried out with sets 
previously built. ITfaen a set is built, it must be given it3 own 
location ^to keep it separate from other sets or from the comnon 
store) and its ozn identity (e.g., -Tom's pieces of candy-). Of 
course, the set must also be of the correct size. It will be noted 
that our analysis assumes that whenever a set of unknown size is 
described (e.g«» -John had some apples.-), the child builds a set of 
some arbitrary size* This is done because in our experience, using 
the instructions that we employed (i.e., -Use these olocks to show 
what each line means***) and reading the. story on a line-by-line basis, 
essentially all our students did build this type of arbitrary set* 

When a story line does ^t indicate that a new set should be 



Usttn to 
(orrtad) 
wxtssntsnci 




Eitiblnh 
location and 
idontityof 
mtilocjk 




Increase 
bttrary set 
by amount 
of ii 
(Loc.ft 
IdontJ 



Jointhew 
satsr (Loc 
ft IdontJ 



Join known 
and artjL sns. 
Adjust^ arfo. 
»t so union 
Mequali 
sum. (Loc 
ftldentJ 




lne«dX No | Flow chart could be 
Co take soma » I expanded for other 
jmttil / I story types. 



Read next 
sentence 



Adjust^ amount 
of arbitTBry in* 
crease to make 
correct sum. 
(Loc. ftldentJ 


Ac^st^arfoi* 
trary starting 
set to union 
set equals sum. 
(Loc ftldentJ 


1 * 




A($ust3 
ramaindsrset 
to correct 
size.(Lo& 
ftldent) 




Locate union 
leL Count 
and report. 



Locate ad- 
justed arb. 
set Count 
and report 



No 



Locate final 
set Count 
and report 



Locate adjust- 
ed increase 
set. Count 
and report. 



Yes 
Locate ad* 
justed start- 
ing set Count 
and report 



Locate re- 
mainder set. 
Count and 
report. 



Locate adjust 
ed decrease 
set. Count 
and report. 



Join remainder 
and increase 
sets. Count 
and report. 



1 Each set generation or modification step should include attention to the location and identity (Loc. & Ident J of the set 

2 In this type of story the probkin operation produces the correct answer set number. 

3 In this type of story ar! adjustment, based on relationships associated with this operation, must be made to produce correct answer set number. 
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Figure 1. Information Processing Task Analysis for Children's Modeling of Combine and Change Stories. 
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l>«'J-t, the pupil must decide If some specific action should be carried 
out. With the eight story forms used in this study, it was decided 
that one of three major operations might be described in a story: (1) 
putting two sets together (combine); (2) increasing the size of an 
existing set (change increase); or (3) decreasing the size of an 
existing set (change decrease). When the described operation for the 
given story is identified, the student will proceed to carry it out. 
If the sets involved in the described operation are of known size 
(i.e., if the story gives the size of the two sets in a ^combine'* 
problefi^ or if it gives the size of the initial set and either the 
amount of increase or decrease in a -change^ problem), carrying out 
the operation described in the story will produce the answer to the 
pii 3v..?, With such stories the student only needs to know how to 

crtv;; r /i-rs operation in order to obtain the correct answer* 
Howir^er^ r one of the sets involved in the operation is the unknown 
set (a set of -arbitrary size- in the student's model of the story), 
carrying out the operation will not automatically produce the answer* 
Here an adjustment must be made in the size of the arbitrary set in 
order to maintain the relationships that are a part of the given set 
operation (e.g.. In a story giving the size of one subset and the 
union set, the size of the unknown, or arbitrary-size, set must be 
adjusted so that the sum of the two subsets equals the r.umber in the 
given union set.) To solve such stories, a student must not only know 
how to carry out a described operation but must also know what 
relationships must be maintained among the sets iocvolved in the 
operation. Only if the student knows and applies such knowledge will 



12 



PAGE 9 



he or she arrive at the correct number in the answer set. 

Of course » the final bit of information processing that the 
successful problem solver must carry out is to respond to the story 
question by identifying the specific set that represents the answer. 
(It will be noted that at certain decision points the flow chart makes 
provision for only a -yes" response. A "no" response at such points 
would mean that the story had two unknown terms and, hence, would have 
no unique solution. Such "no" responses were deleted from the chart 
merely to rediice overcrowding in the chart format.) 

Procedure 

'On the basis of the foregoing analysis, five basic components of 
the types of stories used here were identified as being those aspects 
of the story and its solution that the student must identify and 
represent correctly if the problem is to be solved. Each of these 
aspects was then used as a criterion task which a student was Judged 
as passing or failing as he or she built a representation of the story 
and carried out le steps necessary to solve it. These five aspects 
of story solution are the following. 

1. The initial identity of each given set . The pupil must 
establish the identity of sets such as "Tom's marbles," "the apples 
that Sue and Joe have together," "the pieces of candy that Hary had in 
the beginning," etc. Such sets will be represented by a set of 

blocks , or fingers , or other countable elements , but this 

■I 

representation must be identified with the specific set described in 
the story. 
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2* The initial number in the set * The nmber must be 
represented correctly. 

3* The problem operation > The action or relationship described 
in the story must be translated into an operation on the sets built to 
model the story* 

4. The answer set identity > The problem question must be 
translated so that it refers to a specific set involved in the 
••problem operation.** 

5. The answer set number > Obviously, if the problem is to be 
solved correctly, the number in the answer set must be correct* This 
means that operations and any adjxistments necessary to meet problem 
conditions must be carried out correctly. Specifically, in those 
stories ^ere the child has initially represented a set of unknown 
size by building a set of arbitrary size the child must adjust the 
size of that set so that it is compatible with the relationships 
associated with the given ^et operation. 

The individual interview testing procedure used in this study 
permitted the performance of each child to be Judged as correct or 
incorrect with respect to representing each of these five components 
as the child used sets of counting cubes to model each of the 
different types of story problems. 

Hypotheses and Methods of Analysis 

Since an initial analysis of the data for this study supported 
the findings of the earlier research (Lindvall & Ibarra, 1980) that 
kindergarten children have tn^Ti-ftniim difficulty in the . physical 
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representation of the initial identity and correct nmber in the sets 
described in a story, the present study focused on vhat students did 
in: (1) carrying out the operation; (2) identifying the answer set; 
and (3) making any necessary adjustments to obtain the correct answer 
set number. 

Basically, this study involved an investigation of' the hypothesis 
that children need two types of knowledge concerning the set 
operations if they are to be able to solve various types of simple 
one-step addition and subtraction story problems. These two types of 
knowledge are: 

1* Knowing the operation as a procedure to be carried out in 
order to produce an answer* 

2« Knowing the various specific relationships that must exist 
among the quantities involved lAen an operation is carried out. 

The extent to which children differ in their possession of one or 
both of these types of knowledge was investigated in this study by 
noting differences in patterns of xmpil performance (1) on different 
types of problems, and (2) on different components of the same type of 
problem • 

As discussed previously, our information processing task analysis 
indicated that certain types of stories can be solved solely by 
applying knowledge of an operation as a procedure to be carried out. 
On the assumption that this type of knowledge is simpler and acquired 
more readily than knowledge of relationships, this study hypothesized 
that problems requiring only this simpler knowledge will be ^solved by 
a greater proportion of students than will stories requiring a 
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knowledge of relationships^ This^ hypothesis can be stated more 
specifically as follows: 

Hypothesis K With stories in which the correct answer set is 
produced by applying the procedure described in the story to sets of 
known size (e.g., joining two known sets or removing a known subset 
from a known superset) the proportion of students getting the "answer 
set number" correct will be greater :riian it will be with stories where 
the story procedure must be applied>4:o a set of unknown size and then 
adjustments must be made to get The ^ro rrect answer set nxsnber* 

As Indicated previously, our method of data collection, among 
other things, provided information on whether or not the students (l) 
carried out the story operation correctly (i*e., joining sets, 
removing a subset, increasing the size of a given set, decreasing the 
size of a given set); and (2) identified the con^ct set as 
representing the desired answer. With these additional types of 
information it was possible to shed some light on the basic hypothesis 
of this study by investigating the following four additional 
hypotheses : 

Hypothesis 2. With stories in ^^ch t&e correct answer set ±b 
produced by applying the procedure described In the story :to setyrof 
known size, the proportion correct: in carrying out the "probitem 
operation"* will be approximately equal to the proportion getting the 
""answer set number" correct. 

Hypothesis 3> With storley in, iwhtch the correct answer set Is 
aot directly produced by applying tbe^iirocedwe described in the^scory 
Xo sets of known size, the proportion correct in carrying.. out ±he 
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** problem operation** vlll .fie much larger* than the proportion getting 
the **an8ver set number** correct* 

Hypothesis 4* With stories in %^ch the co.rrect answer set is 
produced by applyiu^ tl;e procedure described in the story to sets of 
known size, the proportion correct in establishing **answer set 
identity** will be approximately equal to the proportion getting the 
**answer set number** correct* 

Hypothesis 5^* With stories in which the correct answer set is 
not directly produced by applying the procedure described in the story 
to sets of known size, the proportion correct in establishing ** answer 
set identity** will be much larger than the proportion getting the 
** answer set number** correct* 

To investigate the hypotheses of this study the performance data 
of children were summarized in terms of proportion of children passing 
each of the five component steps in story representation and solution 
for each of eight different types of addition and subtraction stories* 
A comparison of the appropriate proportions was then made t:o 
investigate each of the five hypoth^es* 

Results 

Tba major resulrs "Scam the s tudy gy=«>=^=>«a™nfl-r-t ■+n Table 2 where 
the proportion of stadents pi>T-F/> l Arri y oxn^each of the five 
components involved ±n abstracting the waning of the story and 
;^lving it for each of the eight^ -pro lDsem types is shown* It can be 
seen that these students had little i Tfrrh iil ty in establishing the 
initial identity of the sets in the stw c y ma d in representing:.set size 
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correctly. Other results can be examined in terms of the five 
hypotheses posed for the .3tudy« 



Insert Table 2 about here 



!• Differences associated with two categories of problems, 
categorized on basis of type of knovledge needed to solve story > The 
data in Table 2 show that the proportions of students (.83, .89, .91) 
arriving at the correct ** answer set number** for problems 1» 3, and 6 
were definitely higher than the .proportions for the other stories 
(«18, .OS, .32, .64, and .12) • These data support the hypothesis that 
more children can solve stories where a direct application of the 
described set operation produces the answer than can solve stories 
where this is not the case. That is, more students have a knowledge 
of these set operations as procedures to be carried out than have a 
knowledge of them in terms of the relationships that xnist exist among 
the quantities Involved* 

2. Relationship between correct performance in carrying out the 
operation and arriving at the correct answer for problems where 
carrying out the operation produces the answer > The data in Table 2 
show that with etorles 1, 3, and 6 (those In %rtilch carrying out the 
described operation produces the answer), the proportions of students 
correct on ""problem operation** (.83, .91 > •94) are essentially equal 
to the paired proportions correct on ""a^^wer set number** (•83, .89, 
91, respectively). These results merely say that, with this type of 
problem, if you can carry out the operation described in the swory. 



18 



Table 2 



Proportion of Pupils Displaying Correct Performance on Each of Five 
Major Components in Story Representation and Solution 
for the Eight Story Problems 



Problem Type 



Essential Components of Problem 
to be Abstracted from Story 



Initial 
Identity 
of Set 



Initial 
Number 
in Set 



Problem 
Operation 



Components of Answer 
to be Gained 
from Model 



Answer 
Set 
Identity 



Answer 
Set 
Number 



1. Combine 

(a + b = n ) 



.85 



.83 



.83 



.82 



.83 



2. Combine 

( a + □ = c ) 



1.00 



1.00 



.52 



.44 



.18 



3. Change 

(a+b = n ) 



.95 



.95 



.91 



.91 



.89 



4. Change 

( a + □ = c ) 



1.00 



1.00 



.41 



,12 



.OS 



5. Change i.oo 
( Q + b = c ) 



1.00 



.62 



.52 



.32 



6. Chanoe 

( c - a = □ ) 



1.00 



1.00 



.94 



.92 



.91 



7. Change 

( c -Q = b ) 



1.00 



1.00 



.76 



.89 



.64 



8. Change 

(Q - a = b ) 



.98 



.98 



.50 



.50 



.12 
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you ( nil iiiil lie at the correct answer* 

3. Hiplatlonshlp between correct performance in carrying ou - ^ 
operation and arriving at the correct answer for problems ^ 
carrying out the-opergtd.on will not produce the answer directly in 
pyamlTiIng the same type of data as In 2 , above » but looking at stories 
2> ^» 3» 7y and 8 (those In which carrying out the described operation 
will not produce the answer directly) It can be seen that the 
proportions of students correct on problem operation" {•Sly 41, 62, 
•76, and .SO, respectively) are uniformly much larger than the paired 
proportions correct on **ans»er set number** (^IS, •08, •32, .64, and 
•12, 'v/^ffBd^miBlj) • That Is, w±th these types of problems^ being able 
to CHT^ TOTl — the ^operation. :descTlbed does not necessarily imsaxL th a t 
you wiBIL be 2^e to solro^ the problem. It may be noted^ isre, that 
probl euiLXj F p e 7 poDodueed prop ortions (•76 and .64) that are somewhat 
out of line with tboset produced by the other problem: ^types • The 
explanation £ ox this would appear to be that this tj^e of ^tory can be 
solved, by a^aninor ai^juscnent in carrying out the procedure. It does 
not reciolre as? full as unrter sfTrrrd 1 ng of relationships as do Problems 
1, 4, 5., :aDd..8. gftii^mtoriyft of the type represented by^ Problem 7, 
nh<^ A A%n^!iTi^ ^}, g>yg^i^aM Set and removes an arbitrary size 

set in re sp o nse to r^e-^air wp ^•••lost some.** This step produces two 
subsets, rmA-r<>pT> 0ff0 » t f ng ' ^hi>r -n nrnK ^^T- lost , the Other representing the 
numb^ le£t:. Tfterrathei^^rirFTd next hears that the person.:±n: the 8t:ory 
had^left*^ (:f or^ eacasple)^ all that Is necessary Is that enough 
blodcft be moved:::£rom; one^setL to the other so that there are exactly 2 
iir^ttae^ set representing tiie number left* Although this adjustment can 
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pact: 16 



be considered as being made on the basis of an understndlng of 
essential relationships established in the subset semoval operation » a 
student might ^Lso think of it as merely coErectlng a temporary 
mistake in rHi.i.ylng out the procedure. 

4. Relationship between establishing the correct answer set 
identity and^^ettlng the answer set number correct for problems where 
carr3rlng out the operation produces the answer • Hxe data in Table 1 
show that with Stories 1, 3, and 6 the proportions establishing the 
correct answer set identity (•SZ, .91, .92, respectively) are 
essentially equal to the profKxrtlon correct on the answer set nund>er 
(*83, 89, 91, respectively) Th±s, again, indicates that wit these 
types of stories, since the stocry operation produces the correct 
answer, if the student Is ab£e to Identify the correct set as 
representing the answer, the maber in that set w£IX be tie answer. 

5. E^laribnshlp beteen -estabrMshing the correct answer set 
identity and ^ertlng the ansaer sear^animber correct for problems where 
carrying out tfae operation wiiEI not:i)roduce the answer directly . The 
data for Stories 2, 4, 5» 7, msd 8 in Table 1 show that the proportion 
of .students estabilishing the^answer set identirty correctly is mxxch 
lar^r than, the proportion getting the answer set number correct. 
This suggest that idenrt^^rlTig the correct answer set ±s not 
sufficient for answering these stories correctly. If adjusfments are 
not made to establish the comet quantitative relationships among the 
sets, the answer set number will be incorrect. 
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Dlsciisslon 

The restxlts of this study provide add±t±oiial supporr far the 
finding of previous studies (Buckinghaxn & HscLatchy, 1930; Biarra & 
Lindvall, 1979) that kindergarten children can solve certain types of 
addition and subtraction story problems before they have any formal 
introduction to arithmetic and; can give evidence of a real 
understanding of the solution process. That is, these children are 
able to develop physical models of scories thart are of a type which 
should provide a meaningful basis :fioEr the later application of simple 
mathematical models to the solution:3of su^ stories. If , as has been 
indicated by the work of several researchers (Larkin, 1977; Lindvall 
& Ibarra, 1979; Simon & Simon, 1978), the development of such models 
is a procedure typically employed by effective ^problem solvers. -at: all 
age levels, then this ability demonscrated by kindergarten -pap±Ls 
should be further developed, on. a ccoxtinuitig basis, as chf Titren Tnove 
tip through the elementary grade leaeels* ^This^ ±n turn, sug^esfs the 
need for research on how childreir can ^ies;t be taught to- develop 
effective qualitative models for the^my tyjni nf problems the^ ^will 
encounter as they progress in thetJcmtaoBiy of >iBHl%iematlcs * 

Of course, the present study alsoidtndlcaECes the need far being 
aware of the limits to irtiat childrenrrcan fuHy comprehend at any given 
point in their careers and of the exact nature of such liiBclts. The 
majority of the students displayed a definite limltatlim in their 
knowledge of the relevant set operations* That is, their lack of 
understanding of the necessary relationships assodated^th a set 
operation prevented them from achieving: a successful modelling and 
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solving of certain types of stories. The data obtained in this study 
may be interpreted as indicating that the relative difficulty of 
one-step addition and substraction story problems can be explained 
largely on the basis of their falling into one of tvo categories: (1) 
stories in Which the solution is produced merely by carrying out the 
operation described in the story, or (2) stories in ^^ch obtaining 
the correct solution requires that certain adjustments must be made 
after the operation described in the story has been carried out* This 
categorization differs slightly from that proposed by Riley (1981) who 
presents results supporting the need for three categories, or 
"^models,** related to problem difficulty and to level of ability at 
vhich a child is capable of functioning. A careful examination of the 
procedures used in the tvo studies may help to explain the differences 
in the results observed and in consequent difference in number of 
explanatory categories needed* As stated earlier, in our story vhen 
students heard a line in a story referring to a set vlth **8ome,** they 
proceeded to build a set: of arbitrary size whereas in the Riley study 
the studencs did nothing* This means that the children in our study 
had something in ** external** representation that provided the identity 
of the unknown set* This meant that whether the **8ome** set was 
mentioned first or second in the story, the student was faced with the 
same task* At that point, he or she had- to make an adjustment in the 
set of arbitrary size in order to satisfy the necessary relationships 
between it and the other two known sets* One way of interpreting this 
is to suggest that the procedure used by the students in the present 
study had the effect of consolidatizig the second and third levels 
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described by Riley. With the exception of this slight qualification » 
It can be said that the results of our study provide substantial 
support for the findings and conclusions of the Riley study. 

It shotild be added here that ve do not Interpret our results as 
Implying that if children are to be taught to use blocks or other 
manlpulatlves to model a story that they should be encouraged to use a 
set of arbitrary size to represent a set that has **8oiiie.** Our 
observations of children Indicate that It Is very easy for children to 
forget that a set they have built Is of arbitrary size and proceed to 
use It as being a set of -that particular size. As a teaching strategy 
It would appear to be more effective to teach pupils to use something 
like a blank sheet of paper (or an empty loop of string » etc.) as a 
place-holder** for an unknown set. That Is, an arbltrary^slze set (or 
any other place-holder) has value only In reminding the student that 
**here Is a set that Is an essential element In analyzing and solving 
the story, and Its size has yet to be determined.** 

Some Implications for Instruction 

One way of describing the performance of the kindergarten 
children observed In this study Is to suggest that they have command 
of a rather specific strategy for solving story problems of the type 
used here* This strategy can be summarized In terms of three steps: 
(1) represent the sets described In the story by using available 
countable eleoients (e.g., blocks, fingers), (2) carry out the actions 
described In the story, and (3) obtain the answer by counting the 
number In the answer set* This Is the only capability available for 
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the average student « However, the able student also has available a 
knowledge of the relationships associated with a given set operation 
(e.g., knowing that the size of an unknown subset can be found by 
removing a set of size equal to the known subset from the known union 
set) and can apply this knowledge to solve some of the more complex 
stories • 

This view of the results of the present study emphasizes the need 
for problem solvers to possess specific types of knowledge if they are 
to be able to solve specific story forms. One type of knowledge is 
knowledge of procedures or strategies, the other is conceptual 
knowledge or knowledge of relationships* An essential part of the 
teaching task then is the identification of the knowledge necessary 
for modelling and solving each given story type and then the actual 
teaching of this knowledge and of its application. 

To the extent that the results obtained in the present study can 
be considered as somewhat descriptive of the types of knowledge and 
understanding that children possess at the time that they are being 
formally introduced to the operations of addition and subtraction and 
to the writing of number sentences, they have certain implications 
concerning readiness for this instruction. Specifically, they suggest 
that essentially all students are ready to comprehend addition and 
subtraction sentences as models of operations . However, most children 
are probably not ready to comprehend **open sentences,** that is, to 
Interpret a number sentence as an equation. If students are to be 
ready to comprehend the latter, they probably need to take part in 
learning aci^ivities that will help them to understand the 
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relationships associated %dth set union and subset removal operations • 
Finally, It should be emphasized that our use of kindergarten 
children In Investigating irtiat Is Involved In solving the various 
specific story types Included in our study should not be taken as 
Implying that we feel that kindergarten children should be taught to 
solve all such stories • The purpose of this study was to describe the 
present capabilities of kindergarten children In order to clarify the 
types of arithmetic concepts that they are ready to comprehend and 
also to identify those component capabilities that students, of any 
age, must possess before they are ready to study some%rtiat more 
advanced concepts • The question of vien such component capabilities 
can be taught most effectively and efficiently is quite a separate 
consideration* 
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